Objective: To evaluate the performance of a noncontact infrared thermometer (NCIT) in comparison with digital axillary thermometer (DAT) and infrared tympanic thermometers (ITT) in a population of healthy at term and preterm newborns nursed in incubators.
INTRODUCTION
One of the most important vital signs in newborns is body temperature. Owing to relatively large body surface area and immature thermoregulatory mechanisms, preterm infants are particularly prone to temperature maintenance problems. As a result, temperature measurements should be performed regularly and should be accurate, reliable and reproducible, considering that maintaining a normal body temperature, ensuring a stable thermal environment and avoiding cold stress represent some of the goals of preterm newborns' care. 1 Moreover, as frequent disturbance of the newborn may lead to hypoxia and deterioration in their clinical condition, minimal handling is fundamental.
No ideal method to measure body temperature in children has been found yet. [2] [3] [4] An ideal thermometer should: accurately reflect the core body temperature in all age groups; be convenient, easy and comfortable to use; give rapid results; not cause cross infection among patients; not be influenced by room temperature; and be safe and costeffective. [2] [3] [4] In practice, every available method has several advantages and Strengths and limitations of this study ▪ Body temperature readings were prospectively collected in healthy at term newborns and in preterm newborns in incubators in one level III hospital and its neonatal intensive care unit. Bilateral axillary temperature measurements with digital axillary thermometer , bilateral tympanic measurements with infrared tympanic thermometers and mid-forehead temperature measurements using non-contact infrared thermometer (NCIT) were performed. NCIT displayed a good clinical reproducibility in a large group of healthy at term newborns and preterm newborns. No outliers were recorded. ▪ Our results demonstrate that NCIT is a very promising tool, especially in preterm newborns nursed in incubators. ▪ The main limitation of the present study is that the majority of the participants were healthy; no child presented febrile infection and critically ill newborns were excluded.
disadvantages, 4 but none completely fulfils all the aforementioned criteria. In ambulatory and hospital settings, in infants aged less than 4 weeks, axillary measurement of body temperature using a digital thermometer is recommended by the National Institute for Health and Clinical Excellence, 3 and by the Italian guidelines. 4 This latter method is also recommended for all children if the body temperature has to be measured at home by parents or caregivers. 3 4 Owing to the discomfort related to the procedure, the oral and rectal routes should not be routinely used in children aged 0-5 years. 3 4 Available studies on the accuracy of tympanic thermometer in children reached contrasting results. [5] [6] [7] [8] [9] Another disadvantage of this technique is that the ear canal curvature may make it difficult to reach the tympanic membrane. 3 4 The presence of hyperaemia or earwax may also interfere with the measurement. 3 4 In a study conducted on sick newborns in neonatal units, Uslu et al 5 suggested that tympanic thermometer measurement could be used as an acceptable and practical method. On the contrary, Duru et al 6 concluded that, though using the tympanic route for measuring temperature in the newborn is relatively safe and non-invasive, the low sensitivity limits its use.
The non-contact infrared thermometer (NCIT) could represent a valid alternative, consisting of a quick and non-invasive method, not requiring sterilisation and not having to be disposable. These reasons make it a candidate for the screening of febrile individuals (such as, eg, international travellers) or for temperature recording in children, particularly in hospital or ambulatory settings, 10-12 but some authors found discordant results on the performance of NCITs. 13 14 We recently tested this method in a population of 251 children admitted to paediatric emergency departments and paediatric clinics, in which NCITs showed a good performance and proved to be comfortable for children, with the advantage of measuring body temperature in 2 s. 15 These characteristics could be useful in newborns, and particularly in preterm newborns nursed in incubators, for the aforementioned reasons. Some authors have evaluated the accuracy of NCITs in this population, with conflicting results. [16] [17] [18] [19] [20] In the present study, we aimed at comparing a NCIT with two other methods (digital axillary, DAT and infrared tympanic thermometers, ITT), in a population of healthy at term newborns and preterm newborns nursed in incubators at a level III hospital, and in its neonatal intensive care unit.
METHODS
This was a single-centre prospective observational study. Healthy at term newborns and preterm newborns who were born in a level III hospital (Careggi University Hospital, Florence, Italy) and nursed in incubators, were consecutively enrolled between January 2013 and January 2014. Exclusion criteria were unstable/critical conditions, polymalformative congenital syndromes and severe congenital syndromes (ie, severe cardiopathies). Body temperature readings were taken from each newborn by two trained and experienced physicians (SS and CF). Bilateral axillary temperature measurements using a DAT, bilateral tympanic temperature measurements using a ITT and two mid-forehead temperature measurements using the NCIT were performed. In the absence of a gold standard method for the measurement of body temperature in newborns, axillary temperature was chosen as a reference, considering its relative precision reported in previous studies and minimal discomfort for the child, according to the most recent American guidelines, 21 National Institute for Health and Care Excellence 3 and Italian Guidelines. 4 For the same reasons, rectal measurement was excluded for its invasiveness and subsequent child's discomfort. In every child, all the measurements were recorded within 6 min. Age and sex of the newborn and incubator temperature were also recorded and entered into a database. Informed consent for the study was obtained from the children's parents/guardians.
Thermometry measurements
Two NCIT, bilateral axillary and bilateral tympanic temperature measurements were performed in every newborn. NCIT measurements were executed in the mid-forehead following the manufacturer's instructions (Thermofocus, model 0800; Tecnimed, Varese, Italy) and according to the American Society for Testing and Materials (ASTM 2009) E 1965-1968 standard specifications for infrared thermometers for intermittent determination of patient temperature. 22 Axillary temperatures were measured using a digital axillary thermometer (SANITAS Hans Dislage GmbH, Uttenweiler, Germany). The temperature was read 2 min after placement on the newborn's axilla, after the acoustic alert. Tympanic temperatures were recorded with a infrared tympanic thermometer (Braun ThermoScan PRO 4000). All the measurements were performed at stable incubator temperature, and the infrared thermometer was stabilised before measurements. Calibration of every thermometer was checked before and after the study.
Statistical analysis
To assess the variability of repeated measures (reproducibility) of the NCIT, children had duplicate measures of body temperature. Clinical repeatability was calculated as a measure of the reproducibility of two repeated temperature measurements, defined as the SD of the differences between the two sets of measurements (i.e, T2-T1) in all children undergoing the test. 23 Age and gestational age were expressed as median and IQR. Normal distribution of variables was tested by one-sample Kolmogorov-Smirnov test. Incubator temperature and body temperature were normally distributed. Thus, these results were presented as mean, SDs and 95% CI. To compare body temperatures obtained in each newborn using the three methods, the mean value of the bilateral axillary measurements with the digital axillary thermometer, the mean value of the bilateral tympanic measurements with the ITT and the mean value of the two mid-forehead measurements with the NCIT, were calculated.
Bias (mean of differences) and numbers of outliers (defined as a difference >1°C) were recorded. 24 The Bland and Altman 24 method was used to compare two sets of measurements, and the limit of agreement was defined as±2 SDs of the differences, as previously described. 25 According to previous studies, mean of difference and limits of agreement were considered a priori good if <0.5°C, and satisfactory if <0.6°C. 16 18 Statistical analyses were performed using the SPSS software package (SPSS V.11.5; Chicago, Illinois, USA) and Medcalc 9.2 (MedCalc Software bvba, Mariakerke, Belgium).
RESULTS
Overall, 189 children were enrolled in the study. In particular, 714 measurements in 119 healthy at term newborns and 420 measurements in 70 preterm newborns nursed in incubators were performed. Twenty-eight of 70 (40%) preterm newborns and 64/119 (53%) at term newborns were males. Mean gestational age at birth (median and IQR) was 39 weeks + 6 days (IQR 38 weeks + 3 days-40 weeks + 3 days) for at term newborns and 27 weeks + 3 days (IQR 25 weeks+ 1 day-27 weeks + 5 days) for preterm newborns. The mean incubator temperature was 32.8°C (SD 1.4; median 32.6; IQR 31.9-34.0). The mean room temperature was 27.5°C (SD 1.1; median:27.6; IQR26.8-28.3).
Mean body temperatures obtained by NCIT, DAT and ITT in preterm newborns nursed in incubators were 37.24°C (SD+0.46°C), 37.14°C (SD+0.49°C), 37.10°C (SD+0.51), respectively. Mean body temperatures obtained by NCIT, DAT and ITT in healthy newborns were 36.82°C (SD+0.44°C), 36.40°C (SD+0.42°C), 36.80°C (SD+0.33), respectively.
Clinical repeatability and other reproducibility measures of thermometers in infants inside and outside the incubator
Globally, the clinical reproducibility of NCIT (two measurements on the forehead) was 0.0794°C (0.0455 for infants in incubator and 0.0861 for infants outside the Figure 1 Bland and Altman diagrams comparing mid-forehead temperature recorded by non-contact infrared thermometer (NCIT) and axillary temperature recorded with digital axillary thermometer (DAT); and mid-forehead temperature recorded by NCIT and temperature recorded with infrared tympanic thermometer (ITT) in at term healthy newborns (n=119) and in preterm infants nursed in incubators (n=70).
incubator). Bias was 0.047°C (0.029 for infants in incubator and <0.0001 for infants outside the incubator). Zero outliers (defined as a difference >1°C) were recorded. Reproducibility of tympanic thermometer (dx vs sin) was 0.2931 (0.1800 for infants in incubators and 0.3250 for infants outside the incubator). Bias was 0.348°C (0.233 for infants in incubators and 0.416 for infants outside the incubator). Eight of 188 (4.25%) outliers (defined as a difference >1°C) were recorded (all outside the incubator).
Reproducibility of the axillary electronic thermometer (dx vs sin) was 0.1921 (0.0995 for infants in incubator and 0.2207 for infants outside the incubator). Bias was 0.159°C (0.090 for infants in incubators and 0.200 for infants outside the incubator). Two of 188 (1.06%) outliers (defined as a difference >1°C) were recorded. The correlation between measurements obtained with NCIT and axillary electronic thermometer is reported in figure 1 , showing the Bland and Altman diagrams. The mean difference between methods was good both for newborns at term (0.12°C for NCIT vs DAT and 0.02°C for NCIT vs ITT) and preterm newborns in incubators (0.10°C for NCIT vs DAT and 0.14°C for NCIT vs ITT). Limits of agreement were 0.99 to −0.75 for NCIT versus DAT, and 0.78 to −0.75 for NCIT versus ITT for at term newborns and 95% CI 0.48 to −0.27 and 0.68 to −0.40 for preterm newborns in incubators.
DISCUSSION AND CONCLUSIONS
Monitoring changes in newborn's body temperature can help prevent harm caused by abnormally high and low body temperatures. 1 The infrared forehead thermometer has been reported by some authors to be a simple, non-invasive instrument for measuring temperature accurately in the newborn. De Curtis et al 16 found, in a cohort of 107 newborns, that the use of the infrared skin thermometer was associated with low operatorrelated variability and acceptable limits of agreement with temperature measurements obtained with a rectal mercury thermometer, concluding that the NCIT is a comfortable and reliable way of measuring body temperature in newborns. Duran et al tested NCITs on a cohort of 34 preterm infants with <1500 g birth weight nursed in an incubator, recording temperature from mid-forehead, temporal artery and axilla six times a day for 7 days beginning at the end of the first week of life. Pain assessment was also recorded, using the premature infant pain profile (PIPP). No statistically significant difference was noted between the means of mid-forehead and axillary temperatures. Moreover, the mean PIPP score of axillary temperature measurements was statistically higher than the means of mid-forehead and temporal artery measurements, demonstrating that the infrared skin thermometer applied to the mid-forehead is a useful and valid device for easy and less painful measurement of skin temperature in preterm infants <1500 g. 16 In a recently published study conducted on 42 very low birth weight infants, Jarvis et al evaluated the impact on newborn behavioural states and accuracy of three infrared thermometers compared with DATs. One hundred measurements were collected from each device. Temperature measurements taken with infrared thermometers demonstrated less disruption to preterm infants' behavioural state, however, accuracy of the devices varied: only one infrared device showed satisfactory agreement (bias −0.071; 95% CI −0.68 to 0.54). 18 In our study, NCIT displayed good clinical reproducibility in a large group of healthy at term and preterm newborns. No outliers were recorded. Mean of differences were good in all the newborns and limits of agreement were satisfactory in preterm newborns nursed in incubators, suggesting a good performance of NCITs in this particular subpopulation. The finding of wider limits of agreement in at term newborns might be influenced by external factors and further studies are needed in this regard. The main limitation of the present study is that the majority of the participants were healthy, no child presented febrile infection, and critically ill newborns were excluded. In conclusion, the NCIT is a promising, quick, non-invasive and accurate method to measure body temperature in newborns, particularly in preterm infants nursed in incubators.
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